(p<0.001). The capsaicin group outperformed the control group pre-motor learning acquisition 48 (p<0.05), following motor learning acquisition (p<0.05), and approached significance at retention 49 (p=0.06). Improved motor learning in the presence of capsaicin provides support for the 50 enhancement of motor learning while in acute pain. In addition, the changes in SEP peak 51 amplitudes suggests that early SEP changes reflect neurophysiological alterations accompanying 52 both motor learning and mild acute pain.
53
New and noteworthy: 54 Enhanced learning was found when motor skill acquisition took place in the presence of acute 55 capsaicin-induced experimental pain, indicating that pain does not always have negative effects on 56 The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -3 -motor learning, a finding relevant for rehabilitation and skill training. Differential changes in 57 somatosensory evoked potentials (SEPs) were seen between those that performed the motor skill 58 acquisition during pain vs control, indicating that SEPs may serve as markers for the early 59 neuroplastic changes accompanying motor learning.
60

KEYWORDS
61
Somatosensory evoked potentials (SEP); motor learning; acute pain; sensorimotor integration differences between groups may not be observed, and a type 2 error may be likely (Dancey et al. 76 2014; Dancey et al. 2016 ). To address this we developed and validated a more difficult motor 77 tracing task. This tracing task has been used by Holland et al. (2015) who demonstrated continued 78 motor learning acquisition throughout the training period with a significant consolidation of motor 79 performance at retention and by Andrew et al. (2015) who showed that the tracing task was a more 80 effective learning tool than a typing task. The application of a more complex motor tracing 81 paradigm combined with electrophysiological and behavioural measures will allow us to examine 82 the impact of acute pain on motor learning as well as the cortical, subcortical, and cerebellar 83 regions involved.
84
Motor learning acquisition requires sensorimotor integration (SMI) which is the processing 85 of somatosensory information received from the motor task and integrating this information with 86 The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -5 -the motor command in order to fine tune and improve motor task performance. Early 87 somatosensory evoked potentials (SEPs) are electrical field potentials generated by 88 different neuronal substrates within the peripheral and central nervous systems induced by 89 electrical stimulation of somatosensory receptors and their axons (Mauguiere 1999) . SEPs 90 represent pre-cognitive sensory processing (Cruccu et al. 2008) , and can be used to study the early 91 neuroplastic consequences of the interactive effects of acute pain and motor learning acquisition.
92
SEPs offer the highest temporal resolution available in non-invasive investigation (Walsh and SEP amplitudes in healthy individuals. Additionally, we recently determined that following a 99 motor learning acquisition typing task there was a significant increase in a cortical (N20) SEP peak 100 for a control group that was not observed for a capsaicin-induced pain group and we hypothesized 101 that acute pain may have negated a change that would have otherwise occurred (Dancey et al. 102 2016). It has been proposed that motor learning acquisition can reverse the effects of pain, and 103 conversely that acute pain undermines the capacity for learning (Ferguson et al. 2012 ). There 104 remains a gap in our understanding of whether early SEP peaks change in the presence of acute 105 cutaneous pain in healthy humans and whether acute pain impacts SEP changes observed in 106 response to a complex motor learning acquisition task, which will be addressed by the current 107 study.
108
Another limitation of several previous studies is that they have not measured retention even 109 though it is known that an offline or consolidation period is a critical process for learning important to investigate how retention is affected using a complex motor tracing paradigm.
125
The interactions between pain and motor control are complex and to date, few studies 126 have investigated the effect of acute experimental pain on motor learning acquisition and retention 127 in healthy humans. Inducing acute experimental pain in healthy participants is therefore 128 instrumental in isolating the motor consequences of acute pain and the mechanisms and conditions 129 under which motor learning in the presence of pain becomes either adaptive or maladaptive. We 130 investigated the primary hypothesis that a novel motor learning acquisition task performed during
131
The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning - The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -9 -recorded the average distance the cursor was from each dot as it passed the horizontal axis the 178 participant was operating on. The motor error was determined as a percent that the participant's 179 tracing cursor was from the original 'perfect' trace. Pre-motor learning acquisition, post-motor 180 learning acquisition, and at retention, each of the versions, 1-4, were performed once; while for the 181 motor learning acquisition phase each version was performed three times for a total of 12 traces.
182
Combined flexion and adduction thumb movements were performed, which required the The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -10 -SEP peak, allowing for the N24 SEP peak to be accurately identified (Fujii et al. 1994 
218
The SEP signal was amplified (Gain 10,000), filtered (0.2-1000 Hz) and stored on a 219 laboratory computer for later retrieval. A total of 1000 sweeps were averaged per stimulation rate 220 using a purpose written Signal ® configuration (Cambridge Electronic Design, England, UK).
221
SEP peak amplitudes were measured according to the IFCN guidelines (Cruccu et al. 2008 ). We 222 identified and analyzed the peak-to-peak amplitude (µV) and latencies of the following SEP
223
The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -11 -components: the peripheral N9, the spinal N11 and N13, the far-field N18, the parietal N20 and 224 P25, and the frontal N24 and N30 SEP peaks. SEP amplitudes were measured from the averaged 225 traces beginning at the peak of interest to the preceding or succeeding peak of opposite deflection, and motor learning acquisition on SEP peak amplitudes which was tested using a repeated 235 measures ANOVA with factors TIME (baseline versus post-motor learning acquisition) and 236 GROUP (control versus capsaicin). In order to ensure that the observed interactions were due to 237 the interaction of capsaicin and motor learning acquisition and not simply due to capsaicin 238 application rather than the interactive effect, a separate repeated measures ANOVA with factors 239 TIME (baseline versus post-application) and GROUP (control versus capsaicin) was performed on 240 each SEP peak.
241
The Shapiro-Wilk test for normality was run on the accuracy data. To investigate and 242 compare performance accuracy, a repeated measures ANOVA with factors TIME (pre-motor 243 learning acquisition versus post-motor learning acquisition versus retention) and GROUP (control 244 versus capsaicin) was performed on the accuracy data.
245
The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -12 -A Friedman test with pairwise comparisons was run on the capsaicin group NPRS ratings. 
250
RESULTS
251
A total of 24 participants were tested with 12 participants in the capsaicin group [8 females, Following motor learning acquisition, there was no main effect of TIME on the P25 SEP
268
The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning - was no main effect of TIME on N20 SEP peak amplitude (p =0.97). was no main effect of TIME on the N30 SEP peak amplitude (p = 0.62).
309
For the N9, N11, and N13 SEP peaks no significant changes were seen for either group. There 310 were no significant changes in latency data for any SEP peak in either the control group of the 311 capsaicin group (See Table 2 ). 
350
DISCUSSION
351
The results of our study support our hypothesis of differential changes in early cortical SEP 352 peaks evoked following motor learning acquisition as we observed a decrease in the N18 SEP peak 353 for the capsaicin group, whereas the control group had an increase in the N20 SEP peak and a 354 decrease in the N24 SEP peak following motor learning acquisition. In addition, there was an 355 increase in the N30 SEP peaks for both groups following motor learning acquisition and we found 356 a significant decrease for the P25 SEP peak following the capsaicin intervention. There were 357 significant differences in SEP peaks that represent activity in several pathways related to motor The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -18 -imaging (fMRI), when compared to a simpler task (Sadato et al. 1996 ) and the amount of 384 overlapping cortical territories that are altered with learning is greater with fine rather than gross 385 motor-skill training (Hluštík et al. 2004 ).
386
Cerebellum: P25, N18, N24
387
The P25 SEP peak amplitude was significantly decreased following capsaicin application.
388
This peak reflects the process of invasion of the dendrites due to current spread from the cell body Our finding of a significant decrease in the P25 SEP peak following capsaicin application and a 404 decrease in the N18 SEP peak for the capsaicin group following motor learning acquisition 405 supports the role that the cerebellum plays in pain processing, sensorimotor processing, and motor
406
The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -19 -learning acquisition. This is interesting in light of the significant differences in the N20 and N24
407
SEP peaks following motor learning acquisition for the control group that was not observed for the 408 capsaicin group. The N24 peak reflects activity in the pathway between the cerebellum and the SI 
428
We hypothesize that acute pain may have negated the changes in cortical SEP peaks (N20 429 and N24) that occurs in the pain-free condition following motor learning acquisition. We 
436
Pain fibers project to the SI and may produce inhibition of the MI via thalamocortical or 437 cortico-cortical inhibitory inputs (Massion 1976 ).
438
Sensorimotor integration (SMI) and the motor cortex (MI): N30
439
Current evidence suggests that the frontal N30 peak reflects the activation within a This may help to explain why there was not an adverse effect of pain on motor learning acquisition 473 outcomes as acute pain typically elicits motor responses that protect from further damage which 474 may impair motor learning acquisition (Bank et al. 2013 ).
475
Our results suggest that there may be differing effects of pain on motor learning acquisition The interactive effect of acute pain and motor learning on sensorimotor integration and motor learning -24 -important direction for future work is the comparison of the effects of local versus remote acute 522 pain relative to the muscle(s) performing a complex motor learning acquisition task. In addition, as 523 pain can be viewed as a sensory perturbation that improves motor learning acquisition it would be 524 interesting to explore whether motor learning acquisition in the presence of tactile noise leads also 525 to significant differences in SEP peaks when compared with a control group. The results of this 526 study help to explain why activation of the motor system through therapeutic exercise (focusing on 527 movement) can assist in decreasing pain. As motor learning acquisition is accompanied by pain in 528 a variety of settings, the effect of pain on learning and neuroplasticity is important to consider to 529 ensure that therapeutic interventions lead to adaptive and not maladaptive changes. Table 2 : Average SEP latencies for each peak. 
